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Summary  This  study  monitors  the  great  Himalayas  between  the  year  1998—2008  using  satel-
lite data.  The  Landsat  satellite  data  was  used  to  monitor  variations  in  the  area  of  glacier.
Further the  snow-covered  area  (SCA)  of  the  part  of  Alaknanda  basin  was  computed  both  for  the
winter and  the  summer  season.  The  analysis  for  the  same  was  done  between  1998  and  2008.
It was  observed  that  the  amount  of  decrease  in  the  SCA  was  more  in  winter  season  comparedsnow-covered  area to summer  season,  which  also  shows  the  rate  of  retreat  of  glacier.  This  study  also  classiﬁes  the
snow into  two  categories  (1)  dry  snow  and  (2)  wet  snow.  The  pattern  in  the  change  in  area  of
these two  categories  was  analysed  both  for  the  winter  and  summer  season.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2Introduction
Glaciers  acts  as  a  means  to  determine  the  change  in  the
climatic  conditions  (Paul  et  al.,  2004)  Change  in  the  mass
balance  also  indicates  the  change  in  the  climatic  condi-
tions.  The  change  in  the  position  of  snout  over  a  speciﬁc
time  period  represents  the  effect  on  glacier  by  the  change  in
the  atmospheric  conditions.  So,  for  comparing  the  physical
change  with  the  atmospheric  change,  constant  monitoring
 This article belongs to the special issue on Engineering and Mate-
rial Sciences.
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org/licenses/by-nc-nd/4.0/).f  glacier  is  required.  Several  of  Himalayan  glaciers  are
etreating.  In  the  Himalayan  glacier,  the  retreat  is  mostly
ue  the  increase  in  the  Global  warming  phenomena  and  also
ue  to  the  change  in  the  climatic  conditions  (Kulkarni  et  al.,
002).
During  19th  and  20th  centuries,  snow-covered  area  (SCA)
nd  snow  water  equivalent  (SWE)  were  dependent  on  ﬁeld
easurements  (Brown  and  Goodison,  1996).  In  last  few  years
f  20th  century  SCA  and  SWE  was  monitored  more  effec-
ively  on  complete  global  scales  using  the  images  of  active
nd  passive  satellites  (Frei  et  al.,  2012).  Presently  many
upervised  and  unsupervised  techniques,  spectral  mixture
nalysis,  Landsat  NDSI,  Modis  NDSI  and  linear  snow  cover
eﬂectance  models  are  available  in  order  to  derive  the  SCA
Painter  et  al.,  2003;  Metsämäki  et  al.,  2012).
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(Figure  1  Left:  Google  earth  image,
tudy area
he  area  to  be  studied  covers  Alaknanda  river  basin  of
ttarakhand  state  which  is  part  of  the  Himalayan  range  as
epresented  in  Fig.  1.  The  river  ﬂows  through  Badrinath
nd  merge  Bhagirathi  River  at  Devprayag  after  covering  a
istance  of  about  190  km  in  Alaknanda  valley.
ethodology data acquired for period from
998 to 2008
n  this  study  we  monitored  the  glacier  in  the  Alaknanda
asin,  for  the  duration  between  1998  and  2008.  The
oftware  used  for  the  study  was  ERDAS  Imagine  2013.
ere  ﬁrst  the  DN  Images  was  converted  into  Reﬂectance
mage.  This  was  done  in  two  steps.  First  convert  the  DN
mages  into  the  radiance  image  followed  by  conversion  to
eﬂectance  image.  Then  this  reﬂectance  image  was  used  to
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Figure  2  Methodot:  Landsat  image  of  Alaknanda  basin.
ompute  normalized  difference  snow  index  (NDSI),  using  the
ormula:
DSI  = GREEN  −  SWIR
GREEN  +  SWIR
It  uses  the  high  reﬂectance  (green)  and  low  reﬂectance
short-wave  infrared  (SWIR))  for  determining  the  SCA.  It
s  beneﬁcial  as  it  could  easily  distinguish  cloud  and  snow,
ecause  of  the  high  reﬂectance  of  cloud  in  SWIR  region.  It
lso  takes  into  account  the  snow  present  in  the  shadow  area.
o  using  this  technique  the  region  was  being  classiﬁed  into
he  snow  and  non-snow  area.  The  threshold  value  which  was
eing  used  was  0.4.  Further  the  snow  was  being  classiﬁed  as
ry  and  wet  snow.  This  was  done  by  using  the  near  infrared
NIR)  band  data.  The  wet  snow  was  identiﬁed  the  one  in
hich  reﬂectance  is  less  than  50%,  while  if  the  reﬂectance
s  greater  than  50%  then  it  was  classiﬁed  as  dry  snow.  Also,
he  trends  of  dry  and  wet  snow,  and  of  SCA  was  analysed
sing  the  Landsat  data.
 for period from 1998 to 2008
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Figure  3  Represents  the  snow  cover  area  in  percentage  form  of
(May—October).
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Paul, F., Kääb, A., Maisch, M., Kellenberger, T., Haeberli, W., 2004.
Rapid disintegration of Alpine glaciers observed with satelliteFigure  4  Represents  a  comparison  of  the  dry  and  wet  snow
of (a)  winter  season  (November—April)  and  (b)  summer  season
(May—October).
The  image  was  classiﬁed  into  snow  and  non-snow,  using
the  supervised  based  classiﬁcation  techniques.  Here  sam-
ples  were  collected  for  both  the  classes  and  several  sets  of
parameters  were  used  for  the  classiﬁcation.  Also,  the  classi-
ﬁcation  was  tried  for  several  algorithms  and  it  was  observed
that  the  best  results  were  obtained  in  the  case  of  Maximum
Likelihood  classiﬁcation.  Fig.  2  shows  the  methodology  used.Results and  discussion
In  this  study  the  SCA  was  computed  using  the  Landsat
images.  Here  for  each  year,  both  winter  and  summer  scenes (a)  winter  season  (November—April)  and  (b)  summer  season
ere  collected.  In  addition,  the  average  was  taken  for  each
ear.  More  number  of  scenes  was  available  for  summer  sea-
on  compared  to  winter  season,  as  most  of  data  in  winter
eason  was  covered  with  clouds.  The  analysis  on  the  SCA
howed  a  decreasing  trend  in  winter  and  summer  season.
he  slope  was  steeper  in  winters.  In  summer  season,  some
f  the  years  had  high  SCA  due  to  frequent  occurrence  of
nowfall.  On  analysing  the  wet  and  dry  snow  it  was  observed
hat  dry  snow  cover  dominates  wet  snow  cover  in  win-
er  season.  While  in  summer  months  it  was  observed  that
now  was  usually  wet,  except  in  case  of  unusual  snow-
all.  Fig.  3  shows  the  variation  of  the  SCA  while  Fig.  4
hows  a  comparison  of  wet  and  dry  snow  of  the  Alaknanda
asin.
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